ABSTRACT. A complete description of the parts of a centrifugal atomizer, with geometries and dimensions are shown. Tests of atomization were carried out by using pure tin metal in air atmosphere. Mathematical simulation of the thermodynamics of the process was successful to describe the centrifugal atomization, showing a maximum experimental correspondence mismatch of 14%.
INTRODUCTION
The process to obtain metallic powder by centrifugation is quite complicated, mainly in the point of view of the quality of the processed powder. The powder quality (size distribution, morphology, physic -chemical properties and structure) depends upon various factors [1] [2] [3] [4] [5] . A factor that always is present during the design of a centrifugal atomizer of metals under a inert gas atmosphere is the mathematical description of the thermodynamic process of atomized particles, and atomization chamber dimensions specifications that guarantee the crystallization of the disperse metal at the stream length (distance between the rotating disc edge and the atomizer wall) conditions [6] [7] [8] [9] .
In the present study, attempts were made in order to calculate the particle's temperature during its approximation to the atomizer wall, and confirmation of the elaborated theory based on experiments of determination of the distance of stream length of the metallic droplets until the end of its crystallization.
MATHEMATICAL FORMALISM OF THE PARTICLE'S TEMPERATURE AT THE END OF THE STREAM LENGTH
It is observed the movements of the metallic droplets into the centrifugal atomizer chamber with vertical rotation axis. In this case, the determining factor for the calculus is the regimen of movement of the metallic droplets at the horizontal plane. To accomplish the calculus is necessary to do some suppositions, as follows: the gaseous media is motionless, and presents temperature and density constant; droplets' form is spherical; initial velocity of the droplets' in free movement is equal to the centrifugal velocity of the atomizer at the rotating disc edge limit -when the droplets leave the disc instantaneously. In this sense, the differential equation of the horizontal component of the droplets' movements with diameter "d" into the gaseous medium, can be shown as:
Where:
According to ref. [10, 11] 
As can be seen, the dependencies (3) and (4) are applicable at the interval 5<Re < 2.10 3 . If Re>2. 10 3 -that leads to the formation of large particles, is used at the equations (1) and (2) The analysis of the equations (3) to (7) shows that in the point of view of design, the stream length is limited by values ranging from 2 to 2,5m -corresponding to a maximum error of 5% , then these equations can be written for coarse powder:
( )
Reynolds number calculated in conformity to equations (4) and (7), considering the mean value of the stream length (L 1 ).
In this case, the convective heat transfer coefficient of the droplets is considered as:
The equation of heat transfer for the crystallization process of the metallic droplet can be introduced as follows:
Calculating the eq.(10) into the limits of 0 to Σ q , and of 0 to cr L , one can find:
Where: Σ q -value of the sum of the crystallization heat and droplet overheating.
Considering our conditions, we have:
At the right side of eq.(12), the first term that considers the convective heat transfer component is neglected:
Using the same methodology, one can obtain the dependency that determines the droplets' final temperature at its approximation to the atomizer chamber wall: It is due to the fact that during the centrifugal atomization process, the influence of the gravity force is much smaller when compared to the inertial force. The eq.(3) to (7) and (11) to (14) can be used to determine the metallic droplets' movements and its convective heat transfer, in any initial direction of its velocity vector, without considerable errors generation.
EXPERIMENTAL
In the experimental methodology, based on the calculus developed for the heat convection of the disperse metal at the centrifugal atomization jet, it was considered as a quality parameter the metallic droplets' stream length distance until its complete crystallization.
The atomization was carried out by using a bed type atomizer (see fig.1 ). The experiments were conducted under the following parameters:
-The metal atomized was tin; It was installed the traps 1 at various distances from the atomizer 2, as depicted in fig.2 , aiming at to determine the stream length distance of crystallization of the metallic droplets. The traps ( fig.3) were water cooled. The door 3 in fig.2 acts as a barrier to the metal jet, controlling the use of the traps.
The melt as passed through the ceramic tube of the jet, fall down into the atomizer disc. The door 3 ( fig.2 ) was opened during 2-3 seconds at the perpendicular direction to the droplets' trajectory, into the jet barrier zone. The trapped droplets collide to the inclined wall (see fig.3 ). If the spherical droplet crystallizes before collision, it is cumulated in the trap bottom. Otherwise, it is deformed during collision, acquiring the flaky type morphology. After the atomization process be accomplished, it was determined the fraction of powder. The spherical particles were separated from the flaky ones. The coarse particles were measured by means of optical microscopy (Zeiss -Neophot 32), under magnification of 50X.
The maximal size obtained for the non-deformed particles (spherical) is taken as critical size. This indicates that particle which diameter is higher than the critical one, it is not crystallized during the stream length distance, on the contrary, a particle that possess a diameter lower than the critical one, it is completely crystallized at this distance.
RESULTS AND DISCUSSION
In fig.4 is shown a graphical comparison between the experimental and calculated data. As it is seen from the graph, for the peripheral velocities of 7.5 and 15 m/s and particles' sizes down to 200µm, the calculated values for the stream length distance of crystallization are lower than the experimental ones. At the same time, for particles' sizes up to 200µm the inverse phenomenon takes place. This can be explained as follows: the vortex flux of gas caused by the atomizer rotation troubles the movement regime of the smaller particles. This gas flux increases the mean velocity of the stream length distance of crystallization. This flux influence was not so significant for bigger particles.
Apparently, the bigger particles are formed from the metal volume that present a lower temperature (a lower amount of crystallization heat). Due to this, the stream length distance of crystallization for these particles is lower than the calculated one, under same conditions (melt temperature, atomizer rotation, etc). It is explained by the fifth experiment (see curve 5 in fig.4 ), where the experimental values of the particles' crystallization distance for all sizes are significantly smaller than the calculated ones, as a consequence of inferior temperatures generated in the melt (linked to an increased atomizer dimensions).
Other cause of some lack of correspondence between experimental and calculated data for bigger particles, can be the sliding of the melt in relation to the atomizer disc. In this case, the initial velocity is lower than the calculated one. So, it is notorious that the distance of crystallization of droplets diminishes.
The maximal mismatch between experimental and calculated data does not overcome 14%. The results analyses also show that the basic factor that determines the particle's stream length distance until its crystallization end is the peripheral velocity of the centrifugal atomizer V per at the atomizer diameter, which is linked to L cr by a quasi-proportional dependence.
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Materials Science Forum Vols. 498-499 Figure 4 . The experimental magnitudes (curves 4-6), and theoretical ones (curves 1-3), of the tin atomized particles' size as a function of its crystallization length.
CONCLUSIONS
-It was proposed an engineering methodology for the calculus, and accomplished an experimental study of the stream length distance of crystallization, and temperature of the disperse metal in the centrifugal atomizer jet; -It was created the basis for the centrifugal machine design development; -The maximal mismatch between experimental and theoretical data did not overcome 14%.
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